Materials and methods
Turbutryn is the common name of 4-ethylamino-2tert butylamino-6-methylthio s-triazine and controls several mono and dicotylendonous weeds in a number of crop plants. In this study a formula containing 50% a. i. of turbutryn was used. The Egyptian variety Giza 1 of V. faba has been used as a test material in this in vestigation. Seeds were soaked in tap water for 24hours and were then transferred to pots filled with moist sand for germination. Actively growing roots were treated with 4 different concentrations for 3, 6, 12 and 24 hours. The concentrations used were 4, 20,100 and 500 ppm respectively. Control roots were simultaneously treated with tap water.
For cytological preparations root tips were fixed in 3:1 (v/v) ethanol/glacial acetic acid for 24hours and slides were prepared using the Feulgen squash technique. Six slides from each treatment were examined for the effects on the mitotic index (MI) and for chromosomal anomalies in dividing cells.
DNA and RNA were extracted by crushing 0.5g. root tips in 4ml Tris-EDTA buffer (0.05M Tris.+0.1 M NaCl+0.1 EDTA, pH=8) mixed with 1 ml 1% SDS Table 1 . The 3h and 6h treatments were indifferent with regard to the percentage of total chro mosomal abnormalities produced, but 12h and 24h treatments resulted in higher percentage of abnormal dividing cells. In general the percentage of dividing cells showing chromosomal anomalies increased with the increase of herbicide concent ration. Considerable increase of abnormalities was recorded as the period of treat ment was prolonged from 6 h to 12h and from 12h to 24h (Table 1) . The types and frequency of chromosomal anomalies produced by the different treatments of turbutryn are shown in Table 2 and photographs of these abnormalities are illustrated in Figs. 1-10 . The colchicine type metaphase configurations (Fig. 1) were the major abnormality produced by all treatments. Multipolar anaphase and telophase figures (Fig. 2) were also observed in considerable frequency by all treat ments. C-anaphase configurations (Fig. 3) in which the two chromatids of C-met phase chromosomes are separated and chromosome lagging (Fig. 4) were recorded in lower frequencies by all treatments, whereas, polyloidy (Fig. 5) was only observed following the 24h treatments. Chromosomal bridges (Fig. 6 ) and chromosome breakage (Fig. 7) were induced by all treatments; their frequency increased with in creased concentration and prolonged period of treatment. Chromosomal stickiness (Fig. 8) was not observed after the 3h treatments, but was recorded in considerably
Figs. 1-10. Types of chromosomal abnormalities induced by the herbicide turbutryn in the root tips of V. faba. 1, C-metaphase 3 h; 4 ppm. 2, multipolar anaphase 6h; 4 ppm. 3, C-anaphase 6h; 4 ppm. 4, chromosome lagging 6h; 20 ppm. 5, S: polyploidy 24h; 100 ppm. 6, chromo somal bridges and stickiness 24h, 500 ppm. 7, chromosome breakage 12h, 100 ppm. 8, sticki ness 24 h; 100 ppm. 9, 9, micronuclei 24h; 20 ppm. 10, chromatin bridge 24h; 100 ppm.
high proportions following both the 12h and 24h treatments . Abnormal figures not included in one of these types have been referred to as disturbed figures; their frequency is given in Table 2 . Some abnormal interphase cells were observed fol lowing the 6h, 12h and 24h treatments. These were comprised of multinucleated cells and cells containing micronuclei (Fig. 9 ) and chromatin bridges (Fig . 10) . The percentage of abnormal interphase cells is also given in Table 2 . Table 2 . Types and percentage of chromosomal abnormalities produced by the different treatments of turbutryn in root tips of V. faba
The types of chromosomal anomalies produced by turbutryn may be grouped in three classes. The first is often referred to as mitotic abnormalities and is the result of an action on the mitotic apparatus (Brogger 1977 , Grant 1978 . These include C-metaphase, C-anaphase, multipolar mitosis, polypoidy and chromosome lagging. These types of abnormalities have been induced by several herbicides (Ennis 1948 , Crocker 1953 , Liang et al. 1967 , Amer and Farah 1974 , Badr 1979 , Badr and Elkington 1982 , Badr 1983 . Another class of anomalies observed is chro mosomal stickiness which is also induced by several agricultural chemicals (Grant 1978) . Stickiness is generally regarded as a physiological effect on chromosomes during division (Savage 1975) and has been considered as a category of chromatid aberration (Klasterska et al. 1976) . The third class of chromosomal anomalies produced by turbutryn is chromosome aberrations including chromosome breakage. In this respect turbutryn resembles some other herbicides including substituted ureas, substituted phenols and s-triazine compounds (Wuu and Grant 1966, Ahmed and , Mohandas and Grant 1972 , Badr and Elkington 1982, Badr et al. 1984) .
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Chemicals which induce chromosome breakage are known to exert a clastogen action on chromosomes which is generally regarded to involve an action on DNA (Grant 1978) . A number of herbicides, which produced chromosomal anomalies similar to those produced by turbutryn, have been reported to induce mutation in higher plants. These include the s-triazine compounds atrazine and simazine (Wuu and Grant 1966) , the substituted urea herbicides N-ethyl N-nitroso urea and N-methyl N-nitroso urea (Gichner et al. 1968) , EMS (Tomkins and Grant 1972) and maleic hydrazide (Gichner et al. 1982 ). The present results, therefore, add a new compound to the list of agricultural chemicals which, when used widely, may result in harmful damage to crop plants. The application of these chemicals must be strictly con trolled and their capacity to induce cytogenetic activities in crop plants should be extensively studied.
Summary
Actively dividing root tips of Vicia faba were treated with 4 different concentra tions of turbutryn for 3, 6, 12 and 24hours. The concentrations used were 4, 20, 100 and 500 ppm of the herbicide. Almost all treatments exerted a mitodepressive action and resulted in reductions in the amounts of DNA and RNA. Turbutryn produced a number of chromosomal anomalies. The types of abnormalities induced are comprised of mitotic abnormalities, which indicate an effect on the spindle ap paratus, chromosomal stickiness and chromosomal aberrations including chromo some breakage. The mitodepressive action of turbutryn is remarkably associated with the ability of this herbicide to reduce the amounts of DNA and RNA and its capacity to induce chromosomal anomalies.
